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Background: Although environmental characteristics as perceived by parents are known to be related to children’s
outdoor play behavior, less is known about the relation between independently measured neighborhood
characteristics and outdoor play among children. The purpose of this study was to identify quantitative as well as
qualitative neighborhood characteristics related to outdoor play by means of neighborhood observations.
Methods: Questionnaires including questions on outdoor play behavior of the child were distributed among 3,651
parents of primary school children (aged 4–12 years). Furthermore, neighborhood observations were conducted in
33 Dutch neighborhoods to map neighborhood characteristics such as buildings, formal outdoor play facilities,
public space, street pattern, traffic safety, social neighborhood characteristics, and general impression. Data of the
questionnaires and the neighborhood observations were coupled via postal code of the respondents. Multilevel
GEE analyses were performed to quantify the correlation between outdoor play and independently measured
neighborhood characteristics.
Results: Parental education was negatively associated with outdoor play among children. Neither the presence nor
the overall quality of formal outdoor play facilities were (positively) related to outdoor play among children in this
study. Rather, informal play areas such as the presence of sidewalks were related to children’s outdoor play. Also,
traffic safety was an important characteristic associated with outdoor play.
Conclusions: This study showed that, apart from individual factors such as parental education level, certain
modifiable characteristics in the neighborhood environment (as measured by neighborhood observations) were
associated with outdoor play among boys and girls of different age groups in The Netherlands. Local policy makers
from different sectors can use these research findings in creating more activity-friendly neighborhoods for children.
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As in many other Western countries, the majority of pri-
mary school children in The Netherlands does not meet
the recommended guidelines for health enhancing phys-
ical activity [1]. It is therefore important to find appro-
priate ways to stimulate physical activity among
children, for example by stimulating outdoor play [2].* Correspondence: mj.aarts@maastrichtuniversity.nl
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reproduction in any medium, provided the orTime spent outdoors is consistently related to children’s
physical activity level [3-7] and hence stimulating out-
door play among children may contribute to their phys-
ical and mental health. A recent study by Kimbro et al.
has shown for example that time spent on outdoor play
was associated with lower BMI values among children
[8].
Research has shown that environmental characteristics
can play a role in children’s physical activity [5,9]. More
specifically, in a previous study we have shown that both
the perceived physical environment and the perceived
social environment were related to children’s outdoor
play [10]. This study showed that children of parentsd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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hood spend more time on outdoor play. Regarding the
built environment, the study showed that different envir-
onmental characteristics are related to children of differ-
ent age groups.
Research among adults [11-13] and adolescents [14,15]
has shown that differences exist in correlates of phys-
ical activity when measured subjectively (i.e. perceived
environmental characteristics as measured with ques-
tionnaires among parents), independently (i.e. by neigh-
borhood observations by independent observers), or
objectively (i.e. by means of geographical information
systems).
A previous Dutch study has investigated the role of in-
dependently measured physical environmental character-
istics in disadvantaged neighborhoods on physical
activity among children aged 6 to 11 years by means of
neighborhood observations [16]. The authors conclude
that children’s physical activity is indeed associated with
certain modifiable factors of the built environment, such
as parking spaces in the neighborhood. The authors fur-
ther stress the specificity of environmental characteris-
tics in relation to different behavioral components
(e.g. moderate-to-vigorous physical activity, walking, bi-
cycling etc.) [17], a point also mentioned by others [18].
While the abovementioned Dutch study mainly
described the quantitative aspects of the built environ-
ment (i.e. the absence, presence or amount of neighbor-
hood facilities), it is assumed that the quality of
neighborhood facilities (e.g. the accessibility and state of
maintenance) may be important in relation to children’s
physical activity level as well. Therefore, the aim of the
present study was to identify quantitative as well as
qualitative neighborhood characteristics related to out-
door play among primary school children (aged 4 to
12 years) by means of neighborhood observations.
Methods
Study design and setting
This cross-sectional study was situated in four medium-
sized cities in the Southern part of The Netherlands.
The number of inhabitants ranged from 77,450 to
201,259 and the population density ranged from 727 to
1,716 citizens per km2. Although one city was somewhat
smaller and less urbanized compared to the other cities,
they were comparable regarding the demography of their
population such as the percentage of non-Western
immigrants (range: 9.9 - 13.4%) and the percentage of
inhabitants aged 0–14 years (range: 16.7-17.6%). The se-
lection procedures and characteristics of the participat-
ing cities are described in more detail elsewhere [19].
Data on physical activity behavior of the children were
obtained by means of a cross-sectional survey consisting
of a written questionnaire for parents between September2007 and January 2008. The data on neighborhood char-
acteristics were collected approximately one year later (be-
tween October and December 2008) by means of
standardized neighborhood observations (audits) by
trained observers. Based on postal code (six positions: four
numbers, two letters available from both the questionnaire
among parents and from municipal data describing which
postal codes fall within one neighborhood), the data from
these two study parts were combined for the analyses of
this paper. Both study parts will be described in more de-
tail below.
Survey among parents
The study was targeted at primary school children aged
4–12 years. In the Netherlands, children in this age
group attend primary school, which, in most cases, is
close to or within the area of residence. Initially, all
regular primary schools in the four cities (n = 149), ex-
cept those already participating in other (research) pro-
jects aimed at physical activity among children (n = 34)
were invited by letter, followed up by a telephone call to
participate in the survey. Of the invited schools
(n = 115), approximately one third agreed to participate
(n = 42). As outlined elsewhere [19], the schools in our
study were representative for the total population of
schools in the participating cities in terms of school size,
socioeconomic status and type of neighborhood.
At each school enrolled in the study, all grades and
classes were included in the survey. Because no medical
or physical measurements were conducted and consider-
ing the negligible (psychological) burden to fill in the
questionnaire, no ethics approval was required according
to the Dutch Central Committee on Research Investigat-
ing Human Subjects. Parents were given written infor-
mation about the study and by returning the
questionnaire they gave consent for the inclusion of
their data in the study. In total parents of 11,094 chil-
dren were provided with a questionnaire. Parents that
had more than one child attending the same school,
were provided with a questionnaire for each individual
child. Response rate was 60%, resulting in 6,624 returned
questionnaires. During data entry, 12 questionnaires
could not be read and 11 questionnaires were removed
because they were completely empty, leaving 6,601 com-
pleted and returned questionnaires.
Parents were asked to report the frequency (number
of school days and number of days per weekend) their
child was involved in outdoor play, considering a typical
week in the past month. Parents were also asked to re-
port the duration of outdoor play during week and
weekend days (less than 30 minutes per day, 30 minutes
to one hour per day, one to two hours per day, more
than two hours per day). Furthermore, the questionnaire
included items on age and gender of the child and
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month. Based on parental report of weight and height of
their child, BMI was calculated and percentage over-
weight and obesity (as determined by age and gender
specific cut off points provided by Cole et al. [20]) was
determined. Because parents were also asked to report
their postal code in the questionnaire, the survey data
could be coupled to the neighborhood observation data
described in the next paragraph.
Neighborhood observations
Neighborhoods were selected for observation based on
1) the number of respondents included in the survey liv-
ing in the neighborhood in order to maximize the num-
ber of respondents in the analyses and, 2) physical
neighborhood characteristics (based on a neighborhood
typology score from the Ministry of Housing, Spatial
Planning and the Environment which classifies neighbor-
hoods into the following six categories: city centre, city
non-centre, city green, town centre, rural area, and work
area [21]) and social neighborhood characteristics (based
on the status score from the Netherlands Institute for
Social Research which is based on the percentage of
immigrants, percentage of people with low education
and percentage of low income households per postal
code area [22]) in order to maximize the variance in
neighborhood characteristics included in the analyses. In
total, 57.6% of the parents that filled in a questionnaire
during the survey, were living in one of the 33 observed
neighborhoods. Hence, combining the data from the sur-
vey among parents and the data from the neighborhood
observations, resulted in 3,805 individual respondents
for the analyses described in this paper.
Data on neighborhood characteristics (the independ-
ent variables) were collected by two trained research
assistants by means of neighborhood observations in 33
neighborhoods. The observers were not part of the re-
search team to enhance unbiased collection of the data.
The two research assistants observed the neighborhoods
using a checklist which they completed by mutual agree-
ment. The checklist was based on the Neighborhood En-
vironment Walkability Scale (NEWS) [23], but was
specifically adapted for screening Dutch neighborhoods
on environmental characteristics related to children’s
physical activity [16]. The inter-rater reliability of the
checklist was evaluated as good (percentage of agree-
ment = 77%) in a previous Dutch neighborhood observa-
tion study [17]. The scoring form included the following
seven main topics: 1) buildings (residential density, land
use mix, presence of unoccupied houses and mainten-
ance of buildings), 2) formal outdoor play facilities
(number and quality of play grounds, school yards,
paved play grounds, and half pipe or skating track), 3)
public space (presence and quality of green space andwater), 4) street pattern (presence and quality of side-
walks and bike lanes) 5) traffic safety (traffic infrastruc-
ture and traffic volume and speed), 6) neighborhood
characteristics related to the social environment
(e.g. street hygiene such as a litter basket for dog waste,
graffiti and vandalism (indicating area deprivation) and
the presence of a dog walkers area or adequate street
lighting which may contribute to social safety) and 7)
general impression of the activity-friendliness of the
neighborhood for children.
Neighborhood boundaries were defined by local data
bases from the municipal organization, so that the
results of the study could be easily interpreted by local
policy makers. In general, these boundaries correspond
with what people perceive as “their neighborhood” and
boundaries often coincide with physical “boundaries”
such as a railway, busy road, channel or tunnel. In the
Netherlands, parents are free to choose a primary school
for their child, according to their own opinion and
beliefs. Due to practical considerations, many parents
choose a primary school close to their home. Hence, in
the majority of cases, both the residence and the school
of the children will fall within the same neighborhood.
Indeed, from our data sample it appeared that 76.5% of
the children included in the neighborhood observations,
attended school in the same neighborhood as they live
in. In cases where the school did not fall within the
neighborhood observation area, children were likely to
attend school in the adjacent neighborhood.
Similar to another Dutch neighborhood observation
protocol developed by Van Lenthe et al. [24], before the
start of the actual data collection, a random sample of
ten percent of the streets within each neighborhood was
selected for observation by foot, based on a list of all
streets per neighborhood. Thereafter, all remaining
streets in the neighborhood were observed per bicycle,
so that all streets were included in the observation. All
observations were carried out during normal school days
after school time and before dark, to mimic best the real
conditions under which children are usually involved in
outdoor play in their neighborhood.
Measures
The dependent variable in all analyses was outdoor play
in minutes per week which was calculated by multiply-
ing the number of school days and weekend days the
parents reported their child was involved in outdoor play
by the average minutes per day the child was involved in
outdoor play during school days and weekend days
(which was recoded as follows: less than 30 minutes per
day = 15 minutes per day, 30 minutes to one hour per
day = 45 minutes per day, one to two hours per day = 90
minutes per day, more than two hours per day = 150
minutes per day). Finally, to calculate the total minutes
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during school days and during weekend days were
summed.
As stated in the previous paragraph, the neighborhood
observation checklist included seven main topics, which
yielded in total 33 independent variables which will be
described briefly here. A detailed description of all vari-
ables included in the analyses is given in Additional file
1: Appendix A. Residential density was estimated by
weighting and summing nine items on type of residences
in the neighborhood, with a higher sum score represent-
ing higher residential density. Land use mix was defined
as the proportion of enterprises to residences (range 0-
100%). Presence of unoccupied houses was measured on
a five-point scale (none-all) and maintenance of build-
ings was measured on a three-point scale (bad, moder-
ate, good). The total number of play grounds, school
yards, paved play grounds, and half pipe or skating track
per km2 was calculated and summed for each neighbor-
hood, resulting in one score for number of formal out-
door play facilities per km2 per neighborhood. Quality of
play grounds, school yards, paved playgrounds, and half
pipe or skating track was defined on a scale from 0.00 to
1.00, according to ten quality aspects mentioned in Add-
itional file 1: Appendix A. For each type of outdoor play
facility separately, 0.10 point per quality aspect was
awarded whenever applicable. Hence the quality score
per outdoor play facility could range from 0.00 to 1.00,
higher scores represent better quality. A mean quality
score for all outdoor play facilities per neighborhood
was then calculated. Presence of green space, water, side-
walks and bike lanes were each measured on a four-
point scale (none-many). Quality of green space, water,
sidewalks and bike lanes were defined on a scale from
0.00 to 1.00 (see Additional file 1: Appendix A for speci-
fication of quality aspects). Traffic infrastructure
included the following single-item variables each mea-
sured on a four-point scale (none-many): pedestrian
crossings without traffic lights, pedestrian crossings with
traffic lights, traffic lights, refuges / safety islands, paral-
lel parking places, parking lots (grouped), speed bumps,
home zones, 30 km/ hour zones, roundabouts, and
intersections. Traffic volume and speed was calculated
as a sum score of 6 items each measured on a four-point
scale (none-many) (Cronbach’s alpha = 0.898), with a
higher score representing higher traffic volume and
speed. Presence of a dog walking area was a dichotom-
ous item, as was the presence of a litter basket for dog
waste and the presence of street lighting. The presence
of graffiti, vandalism and dark spaces were each mea-
sured on a four-point scale (none – many). General im-
pression of the activity-friendliness of the neighborhood
for children was estimated by a score ranging from 1–
10, with a higher score representing a more favorableimpression. Two items were removed from the analyses
due to lack of variation among neighborhoods: the pres-
ence of parking garages and the presence of low-traffic /
car-free zones. Except for the number of play facilities
(which were counted in each neighborhood), the re-
search assistants that performed the neighborhood
observations had to give one overall neighborhood score
for each of the measures.
Statistical analyses
From the 3,805 individual respondents in this study, 52
questionnaires were excluded from further analyses be-
cause of missing values on the outcome measure out-
door play, and 91 additional questionnaires were
removed because of missing values on potential con-
founders: age or gender of the child (n = 6) and parental
education (n = 85). Furthermore, questionnaires of chil-
dren living more than three days per week on another
address than the address described in the questionnaire
(n = 18) were removed. Since some questionnaires had to
be removed because of more than one exclusion criter-
ion, the final data base for the analyses on outdoor play
encompassed 3,651 respondents.
Because different environmental characteristics are
expected to be associated with outdoor play between
boys and girls and children of different age groups [4],
analyses were conducted separately for boys and girls
and in age groups 4–6, 7–9, and 10–12 years. Descrip-
tive analyses were conducted with SPSS 17.0 (Chicago,
Illinois). ANOVA and chi-square tests were performed
to assess differences (p < 0.05) in characteristics between
boys and girls in each age group for continuous and cat-
egorical variables respectively. Likewise, t-tests and chi-
square tests were performed to asses differences
(p < 0.05) between respondents that were included in a
neighborhood observation (n = 3,805) and the original
sample of parents derived from the questionnaire
(n = 6,601).
To quantify the association between neighborhood
characteristics and children’s outdoor play, multilevel
GEE analyses were conducted with SAS 9.1 (Cary, North
Carolina). Because most of the independent variables
were collected at the neighborhood level, but the
dependent variable was collected at the individual level,
multi-level analyses with neighborhood as a clustering
variable were applied in order to correct for the multi-
level structure of the data. Because data were collected
completely anonymously, there was no information
available on the number of children per household, and
hence family-related clustering effects cannot be
accounted for in the multi-level analyses. To estimate
the possible design effects associated with family clus-
ters, design effect calculations were performed, using the
following equation: design effect = 1 + ICC*(n – 1),
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family. Although municipal data showed that the median
number of children within one family was one (which al-
ways yields a design effect of 1.00), the calculations were
also performed for a median number of two children per
family. A pedometer based study by Jacobi et al. [25] has
shown that the ICC for physical activity of siblings
within one family can be as high as 0.3, hence an ICC of
0.3 is used for the design effect calculations.
Because of the non-normal distribution of the
dependent variable outdoor play and its error terms (as
assessed by histograms and normal probability plots,
data not shown) and since this outcome measure is a
count variable (number of minutes outdoor play per
week), a Poisson distribution was applied [26,27]. As a
consequence, exponents of the original regression coeffi-
cient estimates were calculated and interpreted as rela-
tive rates (RR). The RR can be interpreted as estimated
proportional difference in the amount of outdoor play.
For example, an RR of 1.10 indicates 10% longer outdoor
play for each additional unit in predictor variables. Due
to the Poisson analysis, the proportion of explained vari-
ance cannot be reported.
The first step in the analyses focused on environmen-
tal characteristics within each of the seven main topics
included in the neighborhood observations: buildings,
formal outdoor play facilities, public spaces, street pat-
tern, traffic safety, neighborhood characteristics related
to the social environment and general impression of the
activity-friendliness of the neighborhood for children.Table 1 Characteristics of the study populationa
Age 4–6 years b
Boys
(n = 637)
Girls
(n = 611)
B
(
Age (years) 5.0 (0.8) 5.0 (0.8) 8
BMI c (kg/m2) 15.4 (2.0) 15.2 (2.2) 1
Overweight d (%) 6.5 10.2 1
Obesity d (%) 3.4 3.8 3
Parental education level (%)
- Low e 25.3 26.4 2
- Intermediate f 36.6 40.6 3
- High g 38.1 33.1 3
Net household income (Euros per month) 2,754 (1,230) 2,818 (1,277) 2
Outdoor play (minutes per week) 408 (266) 378 (256) 4
a Values are mean (SD), unless otherwise specified.
b In The Netherlands, children aged 4–12 years are educated at the same primary s
aged 3 years and 8 children in the highest age groups were aged 13 years. These c
groups, respectively.
c Based on parental self report of height and weight of their child.
d Based on age and gender specific cut off points as provided by Cole et al. [20].
e No education, primary education, lower general secondary education or lower voc
f Higher general secondary education, pre-university education or intermediate voc
g Higher vocational education or university.
* Boldface indicates significant differences between boys and girls within each ageAll independent variables of one topic were entered sim-
ultaneously into a separate model (so one model per
topic), which was adjusted for age of the child and par-
ental education level, as indicated by highest completed
education of the parent who filled in the questionnaire
(it was assumed that this person was the primary care-
giver, in the majority of cases this was either the bio-
logical mother or the biological father, 81.8% and 11.6%
respectively). Parental education level is considered a
good indicator for socio-economic status in The Nether-
lands [28] and is preferred when statistically controlling
for socio-economic status in a regression model [29].
Quantitative (i.e. presence or amount) and qualitative
aspects of neighborhood characteristics were entered
simultaneously in each step of the analyses.
In order to quantify the association between the
environmental characteristics and outdoor play when
adjusted for the environmental characteristics from
other topics, multivariate regression analyses were also
performed. In these analyses, all significant (p-value <
0.05) variables from the analyses per topic were entered
into a multivariate model, which was also adjusted for
age of the child and parental education level. Non-
significant variables (p-value > 0.05) were removed
one-by-one from the multivariate models (backward
elimination procedure), until all variables were statisti-
cally significant (p-value < 0.05, except for the potential
confounders age of the child and parental education
level which were forced into the multivariate model
irrespective of significance). In order to check whetherAge 7–9 years Age 10–12 years b Total
(n = 3,651)oys
n = 692)
Girls
(n = 665)
Boys
(n = 520)
Girls
(n = 526)
.0 (0.8) 8.0 (0.8) 10.7 (0.7) 10.7 (0.7) 7.8 (2.4)
6.3 (2.7) 16.4 (2.7) 17.5 (3.2) 17.4 (2.8) 16.3 (2.7)
1.2 12.9 10.6 11.7 10.5
.1 4.3 2.7 1.3 3.2
9.5 28.1 35.0 35.6 29.6
6.4 37.4 33.3 31.9 36.2
4.1 34.4 31.7 32.5 34.1
,814 (1,303) 2,761 (1,326) 2,720 (1,345) 2,596 (1,289) 2,751 (1,295)
55 (289)* 398 (272)* 444 (284)* 381 (285)* 411 (277)
chool. In the current study sample, two children in the lowest age groups were
hildren were included in the lowest (4–6 years) and highest (10–12 years) age
ational education.
ational education.
group (p < 0.05).
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terion for this backward elimination procedure would
have influenced the final multivariate models, addition-
ally, all analyses were re-run with a more liberal p-value
of 0.10 (same procedure as stated above, only with a
p-value of 0.10 instead of 0.05. These additional analyses
were performed to check whether potentially important
variables were excluded too easily from the multivariate
models when applying a p-value of 0.05.
Results
Characteristics of the study population
The characteristics of the study population are summar-
ized in Table 1. The study included 1,849 boys and 1,802
girls with an average age of 7.8 years. The average time
spent on outdoor play was 411 minutes per week. There
were no significant differences in characteristics between
boys and girls of the same age groups, except for time
spent on outdoor play, which was significantly higher for
boys compared to girls in the age groups 7–9 and 10–
12 years (p-value = 0.002 and 0.003 respectively).
Respondents included in this study were not different
compared to the original sample derived from the ques-
tionnaire among parents with respect to gender, age, and
BMI of the child, percentage of overweight and obese
children, and amount of time spent on outdoor play, ex-
cept for parental education level and net household in-
come, which were significantly lower among the
respondents included in the neighborhood observations.
Design effect calculations assuming an ICC of 0.3 and a
median of one child per family (as suggested by the data
from the included municipalities) yielded a design effect
of 1.00, whereas assuming a median of two children per
family yielded a design effect of 1.30.
Regarding neighborhood characteristics, the size of the
33 included neighborhoods varied from 0.2 to 2.4 km2
and the number of inhabitants ranged from 3,175 till
11,407 inhabitants per km2. The number of children
aged 0–14 years ranged from 449 till 2,000 children per
km2 and the percentage of children as part of the total
number of inhabitants per neighborhood ranged from
11% till 30%.
Environmental correlates of outdoor play
Table 2 shows the association between neighborhood
characteristics and outdoor play as derived from the
multivariate analyses for each subgroup of the study
population. Due to space limitations, the analyses per
topic are not shown, but these can be retrieved from the
corresponding author on request.
In the multivariate models, parental education level
was negatively associated with outdoor play in the two
highest age groups. The relative rates ranged from 0.94
to 0.96 between boys and girls in these two age groups.With regard to the topic “buildings”, the maintenance of
houses in the neighborhood was negatively related to
outdoor play among boys aged 10–12 years (RR = 0.88).
Within the topic “formal outdoor play facilities” the
number of formal outdoor play facilities per km2 was
negatively related to outdoor play in four out of six sub-
groups (RR= 0.99 in each subgroup), whereas the quality
of formal outdoor play facilities was unrelated to out-
door play in all subgroups. None of the variables
included in the topic “public space” were significantly
related to outdoor play in any of the subgroups. Within
the topic “street pattern” the presence of sidewalks
showed a positive association with outdoor play among
boys aged 4–6 years (RR = 1.44), girls aged 4–6 years
(RR = 1.66) and girls aged 10–12 years (RR = 1.45). Sev-
eral variables within the topic “traffic safety” were posi-
tively related to outdoor play in the different subgroups
included in this study: the presence of pedestrian cross-
ings without traffic lights (e.g. zebra crossings) among
girls aged 4–6 years (RR = 1.14) and boys aged 7–9 years
(RR = 1.20), the presence of pedestrian crossings with
traffic lights among boys aged 4–6 years (RR = 1.13), the
presence of traffic lights among girls aged 7–9 years
(RR = 1.48), the presence of parallel parking spaces
among boys aged 10–12 years (RR= 1.17), the presence
of grouped parking lots among boys aged 7–9 (RR =
1.28), the presence of speed bumps among boys aged 7–
9 years (RR = 1.25), and the presence of home zones
among boys aged 4–6 years (RR = 1.06). Other traffic
safety items were negatively associated with outdoor
play: the presence of pedestrian crossings with traffic
lights, the presence of refuges or safety islands among
boys aged 7–9 years and boys aged 10–12 years (RR =
0.89 and RR= 0.96 respectively), and the presence of
30 km / hour zones among boys in the highest two age
groups (RR= 0.82 and 0.91 for boys aged 7–9 and 10–
12 years respectively). In general, the presence of round-
abouts was positively associated with outdoor play (RR
ranged from 1.10 to 1.15 in four out of six subgroups),
whereas the presence of intersections was negatively
associated with outdoor play (RR ranged from 0.78 to
0.87 in five out of six subgroups). Traffic volume and
speed was not significantly related to outdoor play in
any of the subgroups. None of the variables included in
the topic “neighborhood characteristics related to the so-
cial environment” were significantly related to outdoor
play in any of the subgroups, except for street lighting,
which showed a negative association with outdoor play
among boys age 4–6 years (RR = 0.78). Likewise, the gen-
eral impression of activity-friendliness of the neighbor-
hood for children was not significantly related to
outdoor play. Rerunning the analyses with a p-value of
0.10 did not drastically alter the results (data not
shown).
Table 2 Association between neighborhood characteristics and outdoor play: multivariate analysesa
Possible
range
Age 4–6 years b Age 7–9 years Age 10–12 years b
Boys
(n = 637)
Girls
(n = 611)
Boys
(n = 692)
Girls
(n = 665)
Boys
(n = 520)
Girls
(n = 526)
Confounders
Age (years) 3-13 b - - - - - -
Parental education level 1-8 - - 0.95 (0.93-0.98) 0.94 (0.91-0.97) 0.94 (0.92-0.96) 0.96 (0.93-1.00)
Buildings
Residential density 198-368 c - - - - - -
Land use mix 0-100% - - - - - -
Presence of unoccupied
houses
0-4 - - - - - -
Maintenance of houses 1-3 - - - - 0.88 (0.83-0.93)
Outdoor play facilities
Number of formal outdoor
play facilities per km2
1.99 – 51.85 c - - 0.99 (0.99-1.00) 0.99 (0.98-0.99) 0.99 (0.99-1.00) 0.99 (0.98-1.00)
Quality of formal outdoor
play facilities
0.00-1.00 - - - - - -
Public space
Presence of green space 0-3 - - - - - -
Quality of green space 0.00-1.00 - - - - - -
Presence of water 0-3 - - - - - -
Quality of water 0.00-1.00 - - - - - -
Street pattern
Presence of sidewalks 0-3 1.44 (1.16-1.18) 1.66 (1.39-1.99) - - - 1.45 (1.05-2.01)
Quality of sidewalks 0.00-1.00 - - - - - -
Presence of bike lanes 0-3 - - - - - -
Quality of bike lanes 0.25-1.00 - - - - - -
Traffic safety
Presence of pedestrian
crossings without traffic lights
0-3 - 1.14 (1.01-1.28) 1.20 (1.11-1.29) - - -
Presence of pedestrian
crossings with traffic lights
0-3 1.13 (1.08-1.19) - 0.79 (0.67-0.92) - -
Presence of traffic lights 0-3 - - - 1.48 (1.28-1.72) - -
Presence of refuges /
safety islands
0-3 - - 0.89 (0.85-0.93) - 0.96 (0.93-1.00) -
Presence of parallel
parking places
0-3 - - - - 1.17 (1.07-1.28) -
Presence of parking
lots (grouped)
0-3 - - 1.28 (1.18-1.38) - - -
Presence of speed bumps 0-3 - - 1.25 (1.13-1.37) - - -
Presence of home zones 0-3 1.06 (1.02-1.11) - - - - -
Presence of 30 km/
hour zones
0-3 - - 0.82 (0.76-0.89) - 0.91 (0.86-0.97) -
Presence of roundabouts 0-3 1.14 (1.07-1.22) - 1.15 (1.06-1.24) 1.12 (1.01-1.25) 1.10 (1.04-1.16) -
Presence of intersections 0-3 0.82 (0.74-0.91) 0.78 (0.66-0.91) 0.81 (0.73-0.90) 0.78 (0.69-0.88) 0.87 (0.79-0.97) -
Traffic volume and speed 0-18 - - - - - -
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Table 2 Association between neighborhood characteristics and outdoor play: multivariate analysesa (Continued)
Social environment
Presence of dog walking area 0-1 - - - - - -
Presence of litter basket for dog waste 0-1 - - - - - -
Presence of graffiti 0-3 - - - - - -
Presence of vandalism 0-3 - - - - - -
Presence of street lighting 0-1 0.78 (0.97-0.86) - - - - -
Presence of dark spaces 0-3 - - - - - -
General impression
General impression 1-10 - - - - - -
a Values are relative rates (95% confidence intervals). Only significant associations are shown (p-value < 0.05), if the confidence interval contains the value 1.00,
this was due to rounding off.
b In The Netherlands, children aged 4–12 years are educated at the same primary school. In the current study sample, two children in the lowest age groups were
aged 3 years and 8 children in the highest age groups were aged 13 years. These children were included in the lowest (4–6 years) and highest (10–12 years) age
groups, respectively.
c For the variables residential density and number of outdoor play facilities per km2, the actual range instead of the possible range is shown.
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This study showed that, apart from individual factors
such as parental education level, certain modifiable char-
acteristics in the neighborhood environment (as mea-
sured by neighborhood observations) were associated
with outdoor play among boys and girls of different age
groups in The Netherlands. The finding that parental
education level was negatively associated with outdoor
play, might be explained by the fact that higher educated
parents have more financial resources for organized
sports activities, and that this substitutes time spent on
outdoor play [30]. Moreover, as lower educated parents
might live in smaller houses, this makes it more likely
for children to play outdoors. Another explanation
might be found in the finding that parents living in more
socioeconomic deprived areas are more likely to allow
their children to take part in outdoor activities inde-
pendently [31]. Veitch et al. recently have shown that
the correlation between parental education level and the
time spent on outdoor play, is different for different out-
door play locations, i.e. children of higher educated par-
ents are more likely to play in the private yard at home,
but are less likely to play in their own street, in a park or
on a play ground [32].
In contrary with the expectation, the number of formal
outdoor play facilities showed a small, but significant,
negative association with outdoor play among four out
of six subgroups whereas the overall quality of formal
outdoor play facilities was unrelated to outdoor play.
The disadvantage of taking number of play facilities per
km2 as an indicator for “quantity of play facilities” and
calculating an average score for “quality of outdoor play
facilities”, is that it ignores the size and quality of each
individual play facility as a possible important factor in
relation to children’s outdoor play behavior, which might
be concentrated around the play facilities most close to
their homes. Therefore, future research should aim tomeasure the size and quality of each individual play fa-
cility and this should further elucidate the exact correl-
ation between presence and quality of individual
outdoor play facilities in proximity to children’s homes.
On the other hand, the presence of sidewalks and par-
allel or grouped parking places was positively associated
with outdoor play in three subgroups. This might indi-
cate that in The Netherlands “informal” play areas such
as sidewalks might be more important in relation to out-
door play than the formal play facilities such as play-
grounds or school yards. This hypothesis is in line with
other Dutch research using neighborhood observations,
which suggests that the presence of parallel parking
places might serve as an informal place to play, or could
function as a barrier between children playing on the
sidewalks and cars on the road [16]. The fact that the
positive association between sidewalks and outdoor play
was found in the lowest age group (both boys and girls)
suggests that especially for younger children, sidewalks
provide for an informal play space close to their home,
suitable for outdoor play activities such as rope skipping,
hopscotch or skating.
Features of the public space (i.e. presence and quality
of green space and water), characteristics of the build-
ings in the neighborhood, neighborhood characteristics
related to the social environment and the general im-
pression of activity-friendliness of the neighborhood for
children were mostly unrelated to outdoor play. USA ac-
celerometer and GIS data among overweight children
however, did find a positive association between parks in
the neighborhood and children’s physical activity [33].
UK data on the other hand showed that most of chil-
dren’s outdoor physical activity occurs in non-green
urban environments [34], which is in line with the find-
ing from the present study that sidewalks may provide
for an important outdoor play opportunity. These dis-
crepancies underline the difficult comparison between
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studies that utilize different methods and outcomes mea-
sures. Items included in the walkability concept (such as
land-use mix and residential density) have been shown
to be of importance in relation to active commuting to
school [35], but the results of the current study do not
point to an important role for those walkability items in
relation outdoor play among Dutch children, except for
the presence of sidewalks, which might be part of the
walkability concept as well. Holt et al. even suggest that
“low-walkable” neighborhoods (with for example many
cul-de-sacs) are more beneficial for younger children to
get involved in outdoor play [36]. Taken together, these
findings suggest that walkability is a different concept
than “playability” and that these concepts should both
be taken into account when designing activity-friendly
neighborhoods.
Furthermore, Giles-Corti et al. argue that traffic safety
should be included into the walkability concept when
applied to children’s physical activity behavior [35].
Items within the topic traffic safety indeed did show sig-
nificant associations with outdoor play in the current
study, although there was some variation across sub-
groups (more specifically, traffic safety items were
related to outdoor play particularly among boys). The
presence of pedestrian crossings or traffic lights was
positively associated with outdoor play as was the pres-
ence of parking places. The fact that some traffic items
such as the presence of refuges / safety islands were
negatively associated with outdoor play, may reflect the
fact that these infrastructural facilities are usually
present at busy streets. Quite consistently among all
subgroups, we found a negative association between the
presence of intersections and outdoor play on the one
hand, and a positive association between the presence of
roundabouts and outdoor play on the other hand. To-
gether with results from other studies that demonstrate
the importance of parental (traffic) safety concerns [37],
this might be a valuable finding for policy makers within
sectors such as spatial planning and traffic and transpor-
tation, when (re)designing neighborhoods that are
activity-friendly for children. Because the influence of
road safety on children’s physical activity level is
dependent on age, gender and type of physical activity
[38-40] it remains important to pay attention to these
differences and the local neighborhood context. Ideally,
a neighborhood should contain appropriate opportun-
ities for play for boys and girls of different age
categories.
Neighborhood characteristics related to the social en-
vironment were not related to children’s outdoor play
behavior in this study. This is in contrary to a previous
study among the same study population using subjectivemethods (i.e. written questionnaires for parents) to
quantify the perceived environmental characteristics
related to outdoor play among children [10]. In the pre-
vious study, perceived social neighborhood characteris-
tics such as social cohesion were consistently (and
positively) related to outdoor play. Social cohesion how-
ever, is a different concept than the neighborhood char-
acteristics related to the social environment as measured
with the observation protocol in this study, which might
be an explanation for the discrepancies between the two
studies. For example, the social cohesion measure in our
previous study included items about the values, norms,
and trust prevailing among neighborhood residents, and
those concepts are difficult to measure by means of
neighborhood observations. Another possible explan-
ation may lie in the differences between parent’s percep-
tion of the immediate environment that children have
access to around their residence and the overall neigh-
borhood characteristics as measured by neighborhood
observations. Future research should address the relative
importance of both concepts in relation to children’s
age, because children’s action radius is enlarged with in-
creasing age. Furthermore, these results indicate that it
is important to change both the actual neighborhood
characteristics, as well as the perception of these charac-
teristics by people (parents as well as children) living in
that neighborhood.
Although the general impression of the activity-
friendliness of the neighborhood was shown to be
related to moderate to vigorous physical activity among
children in a previous Dutch neighborhood observation
study [16], the general impression of the activity-
friendliness was not related to a specific component of
physical activity (outdoor play) in this study. Once again,
this underlines the need for specificity in studying the
relation between environmental characteristics and com-
ponents of physical activity behavior [18].
Regarding the study design, some limitations should
be mentioned. Due to the cross-sectional design of the
study, no causal relations can be demonstrated. How-
ever, because we derived the outcome measure and the
neighborhood characteristics from different data
sources, same source bias was prevented [41]. Although
the questionnaires were administered one year earlier
than the neighborhood observations, it is unlikely that
the neighborhood characteristics have changed within
the time span of one year. Moreover, although there is a
large overlap between the place where children live,
where they go to school, and where we performed our
neighborhood observation, the actual place where chil-
dren are involved in outdoor play could be somewhere
else (at a friend’s home for example), and this cannot be
derived from the data gathered in this study. Future
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insight into the actual location where children play.
A major shortcoming of the neighborhood observation
technique used in this study is that some neighborhood
characteristics, for example the quality of play facilities
may vary within one neighborhood. The research assis-
tants that carried out the neighborhood observations
reported that in neighborhoods with more than one play
facility, the quality of those facilities could vary. Espe-
cially for larger neighborhoods with more than one play
facility, it may be necessary to conduct additional re-
search to reveal the exact location where children (living
in different parts of the same neighborhood) play, and
whether this correlates with the quality and location of
the different play facilities.
Although the questions on physical activity were not
validated, the questions were derived from a standard
questionnaire used for monitoring purposes in the Neth-
erlands [42]. Because of the large scale set up of the
study, it was not possible to measure children’s physical
activity level more objectively (e.g. by use of acceler-
ometers). Moreover, accelerometers cannot give infor-
mation about the amount of time spent on specific types
of physical activity (such as outdoor play, sports partici-
pation or active commuting), whereas these different
types of physical activity are presumably associated with
different environmental characteristics [18].
Poisson regression analysis was applied to overcome
the violation of assumption of normality in the
dependent variable. This was possible because the out-
come variable outdoor play was defined as the total
number of minutes per week the child was involved in
outdoor play. However, the questions underlying the cal-
culation of the total number of minutes involved in out-
door play were categorical, which may have introduced
error in the measurements. In addition, although multi-
level analyses were applied for clustering within neigh-
borhoods, the analyses were not adjusted for clustering
within households (i.e. children within households, when
parents filled in a questionnaire for more than one
child). Additional design effect calculations however
show that with an assumed ICC of 0.3 for children
within one family and a median number of one or two
children per family, the design effect for clustering
within families is 1.00 and 1.30 respectively. In the latter
case this would mean that the power of our study would
be lower than expected as based on our initial power
calculations and the confidence intervals of our esti-
mates would be wider. Lastly, because data were col-
lected in four medium sized cities in the South of The
Netherlands, results can only be generalized to other cit-
ies with a comparable size and population. The results
are particularly suitable for underpinning local policy
measures in the four participating cities.Conclusions
In conclusion, the results show that the quantity and
overall quality of formal outdoor play facilities were not
positively related to outdoor play among children in this
study. Rather, informal play areas such as the presence
of sidewalks were related to children’s outdoor play.
Also, traffic safety was an important characteristic asso-
ciated with outdoor play. Local policy makers from dif-
ferent sectors can use these research findings in creating
more activity-friendly neighborhoods for children.
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